Reagents. Radiochemicals were purchased from New England Nuclear,3 and chemical reagents from Sigma Chemical Co., and from Biorad Laboratories.
Since the discovery of pyruvate orthophosphate dikinase (14) , it has been widely associated with C4 plants which possess Kranz anatomy, or CAM plants. Meyer et al. (17, 18) , however, demonstrated PPDK2 activity in immature cereal grains, most of which are from plants exhibiting C3 photosynthetic CO2 fixation.
The wide occurrence of PPDK in C3 leaves and seeds and similarities in immunoprecipitation, mol wt of the subunit, and regulatory properties of the enzyme from these tissues to those of the enzyme from C4 plants (2, 3) suggests the presence of gene(s) for PPDK in C3 plants similar to the gene for PPDK in C4 plants. The amount of PPDK found in C3 tissues so far seems to be considerably less than that found in C4 tissues. The regulation of the amount of PPDK, possibly through control ofgene expression, is of interest to understanding control of organ development (as in seeds), the presumed evolution of C4 plants from C3 plants (6) , and possibly the eventual genetic engineering ' Frozen tissues (about I g) were ground in a mortar with 1 ml ofextraction buffer. The homogenate was filtered through nylon cloth. The filtrate was centrifuged at 13,000g and OTC for 20 min. The supernatant was mixed with the SDS sample buffer according to the method described in the accompanying paper (3) and was subjected to SDS-PAGE. (Fig. 1 ). This result is complementary to that of Meyer et al. (18) , who reported that the activity ofthe enzyme increased from barely detectable at 7 d after anthesis to a maximum about 25 d after anthesis. The agreement between our results and those of Meyer et al. suggests that the activity of PPDK in developing seeds is in direct relation to the amount of enzyme present, and not defined by developmentally determined enzyme activation.
In agreement with Meyer et al. (18), we have observed that the increase and subsequent decline in PPDK content occurs later during seed development than does that of seed Chl (Fig.  1) . The peak in PPDK content also occurs later in seed development than that of RuBPC. This is seen when autoradiographs :f protein blots for the two enzymes are compared as a function of seed development (Fig. 1) . The wheat PPDK subunit migrates as a single band in SDS-gels with an apparent subunit mol wt of about 94,000 (2, 3), while the RuBPC large subunit migrates at about 55,000 (1). The profile of RuBPC is similar to that of Chl, consistent with their linked function and similar location in chloroplasts.
Developmental Profile of PPDK mRNA Activity. In order to compare seed content of PPDK with the seed's potential for synthesis of this enzyme, we isolated total RNA from seeds at different times after flowering, and followed PPDK mRNA activity by immunochemical analysis ofin vitro translation products. SDS-gel analysis ofanti-PPDK immunoprecipitated in vitro synthesis products shows a prominent band at 94,000 D (Fig. 2) , similar to that of authentic PPDK subunit (2). The fast migrating band may be an artifact ofde tion resulting from the heating step required prior to gel electrophoresis. Curve A, PPDK mRNA activity per ;&g total wheat seed RNA; curve B, total wheat seed protein mRNA activity per ug total wheat seed RNA; curve C, total wheat seed protein mRNA activity per seed.
PPDK GENE EXPRESSION IN WHEAT SEEDS
The level of PPDK mRNA activity, per Mg RNA, begins to rise at about 9 DAF and reaches a maximum about 24 DAF (Fig. 3) . This profile is similar to that oftotal seed mRNA activity per Mg total RNA and to that of the total seed mRNA activity per seed. The change in in vitro PPDK mRNA activity with seed development, including the decline after 25 d, is also similar to the change in seed PPDK content (Fig. 1) . This suggests that the enzyme undergoes a relatively rapid rate of metabolic turnover, and that its content in the seed is determined mainly by its rate of synthesis.
Location of PPDK Within the Seed. A previous report (2) that PPDK protein is present in the pericarp tissue of wheat seeds was inconsistent with the conclusion of Meyer et aL (18) The patterns of bands of PPDK subunits obtained by anti-PPDK probing following SDS-PAGE are quite different for the two tissues (Fig. 4A) . The pericarp tissue gives a number ofbands oflower mol wt than the main 94-kD band seen with endosperm. Whole seeds that were quickly homogenized and extracted also gave multiple bands, so they are not due entirely to breakdown during dissection and washing.
If this pattern of several bands seen with pericarp tissue represents rapid degradation of PPDK, either in vivo or during extraction, it could explain the inconsistency between our finding of PPDK protein in pericarp tissue and the report that PPDK activity is absent from such tissue (18) . Since the present result is based on immunochemical recognition of the enzyme protein rather than enzymic activity, it eliminates the possibility of a false negative result that might occur due to enzyme inactivation prior to or during tissue preparation. In contrast to PPDK, RuBPC large subunit is seen only in the pericarp tissue (Fig. 4B) (18) , and in the accompanying paper (3) , seed PPDK may function, through the same sequence of reactions, to recapture respiratory CO2.
In seeds, this may be part ofa process for conversion ofalanine to glutamate (3) . In the absence of conversion of malate to pyruvate and CO2 with malic enzyme, as occurs on C4 bundle sheath leaf cells (22) (9) , glutamate dehydrogenase (9), ADP-glucose pyrophosphorylase (24) , and UDP-glucose pyrophosphorylase (24) . The developmental activity profiles reported for these enzymes in cereal seed endosperm tissue are similar to that of total seed mRNA activity, a large fraction of which codes for seed storage proteins (1 1), and to the profile of PPDK mRNA activity observed in this study. It is possible that the expression of the genes coding for these enzymes is coordinated in the same way as their observed metabolic activities are. The inclusion of seed PPDK in such a coordinated expression would be consistent with all of its observed properties.
